Interactions between bile acids (taurocholate, TC; taurochenodeoxycholate, TCDC; or taurodeoxycholate, TDC) and digestive products (essential amino acids, EAA or monoolein, MO) in the lumen of the proximal small bowel, affecting pancreatic enzyme secretion and gallbladder contraction, were studied in 77 healthy volunteers by a perfusion method. Perfusion of EAA or MO caused significant increases in pancreatic enzyme output together with gallbladder contraction; MO was more potent and induced enzyme outputs comparable to the maximal response attained with intravenous cholecystokinin-pancreozymin (CCK-PZ). Perfusion of TC alone had no effect, but addition of 10 mM of either TC, TCDC, or TDC to perfusates containing EAA, or 10 mM TC to MO, or both significantly reduced pancreatic enzyme output and prevented gallbladder contraction. A lower concentration of TC (5 mM) added to EAA also produced a significant inhibitory effect. Inhibition of the stimulatory action of digestive products occurred in the jejunum as well as in the duodenum. The inhibitory action of bile acid was considered to be intraluminal since (a) bile acid did not modify the effects of CCK-PZ given intravenously; and (b) the stimulatory effect of digestive products perfused in the duodenum on pancreatic and gallbladder function was not influenced by simultaneous perfusion of bile acid in the jejunum. ( CCK-PZ). Perfusion of TC alone had no effect, but addition of 10 mM of either TC, TCDC, or TDC to perfusates containing EAA, or 10 nm-M TC to MO, or both significantly reduced pancreatic enzyme output and prevented gallbladder contraction. A lower concentration of TC (5 mM) added to EAA also produced a significant inhibitory effect. Inhibition of the stimulatory action of digestive products occurred in the jejunum as well as in the duodentum. The inhibitory action of bile acid was considered to be intralutlminal since (a) bile acid did not modify the effects of ( CK-PZ given intravenously; and (b) the stimulatory effect of digestive products perfused in the duodenum on pancreatic and gallbladder function was not influenced by-simultaneous perfusion of bile acid in the jejunumn.
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It is proposed that this inhibitory-effect of bile acid is mediated through inhibition of CCK-PZ secretion by high Table I) .
Volume, pH and PEG concentrations (5) were measured in gastric and duodenal aspirates. Duodenal trypsin, lipase, bilirubin, and bile acid concentrations were also determined by methods previously described (4, 6) and outputs of these substances were calculated from their concentrations in duodenal samples relative to PEG. Since perfusion of digestive products causes an initial, but nonspecific, higher output of pancreatic enzymes consistent with a "washout effect" (2), only aspirates collected after the first 40 min of perfusion were considered representative of the effect of luminal stimuli on pancreatic enzyme output (Table I) . Luminal bile acid concentrations (quoted in the text) are those found during this period. By contrast, gallbladder contraction generally occurred during the first few minutes of perfusion of a stimulus and was determined from "peak" bilirubin output per hour. This value was derived from the highest bilirubin output in any 20-min period added to the bilirubin outputs in the two adjacent 20-min periods (Table I) .
The composition of the perfusates is tabulated (Table I) . Essential amino acids (2) were obtained from Aldrich Chemical Co., Inc., Milwaukee, Wis. Sodium TC, sodium TCDC, and sodium TDC were synthesized from taurine (Eastman Organic Chemicals Div. Eastman Kodak Co., Rochester, N. Y.) and cholic acid, chenodeoxycholic acid, and deoxycholic acid, respectively (Matheson Coleman, & Bell, East Rutherford, N. J.) as described by Hofmann (7) . The products migrated as single spots on thin-layer chromatography. Emulsified monoolein (ME) consisted of 10 (Fig. 1); (b) to determine the reversibility of the effect of TC on the response to EAA, 10 mM TC was added during the first 100 mnil (Fig. 2) or during the second 100 min (Fig. 3) 
RESULTS
Effects of bile acids anld digestive products oni panicr-eatic en.zIymne and bilirubin outputs (Table I) . A significant increase in pancreatic trypsin anid lipase outputs over basal values occurred durinig perfusionls witlh EAA (P < 0.01), ME (P < 0.01 ) or i.v. CCK-PZ (P < 0.01). AME was more potent (P < 0.01) than EAA, and induced outputs comparable to the maximal response attained with intravenous CCK-PZ. When EAA was combined wvith MO, there was nio further atugmentation of the response already attained by AIE.
TC alone had no effect on basal pancreatic enzyme output. The significant increase in pancreatic trypsin and lipase outputs over basal levels evoked by EAA or MO was inhibited whenl either or both of these substances were given together with 10 mM TC (P < 0.01). A significant inhibition (P < 0.01) was also observed when TDC or TCDC were added to EAA. although the reduction in enzyme output caused by these dihydroxy bile acids was not as pronounced as with 10 mM TC (P < 0.05). A Zi tory effect (P < 0.01), although less marked than with 10 mM TC (P < 0.05).
Gallbladder contraction, as reflected by peak bilirubin output, was evoked by EAA, ME, anid intravenous CCK-PZ, all of which yielded significantly greater outputs (P < 0.01) than normal saline. By contrast, TC alone did not produce gallbladder contraction. Moreover, gallbladder contraction induced by EAA or MO did not occur when either of these substances was given together with TC, nor when TCDC or TDC were added to EAA. Thus, the presence of bile acids in the perfusate at 10 mM concentrations prevented gallbladder contraction and reduced pancreatic enzyme outputs which would otherwise occur in response to EAA or MO. Similarly, the gallbladder did not contract when 5 mM TC was added to EAA.
Characterization of inhibition of pancreatic and biliary response to EAA by 10 mtM TC (Table I and Figs. 1-4). When EAA was perfused for 5 h, there was an immediate increase in trypsin output maintained throughout the period; gallbladder contraction took place immediately and bilirubin outputs remained low thereafter (Fig. 1) . By contrast (Fig. 2) , when perfusion was commenced with both TC and EAA, gallbladder contraction did not occur and pancreatic enzyme secretion remained at basal levels for 100 min. However, soon after TC was withdrawn from the perfusate, the gallbladder contracted and pancreatic enzyme output increased significantly. Furthermore, during continuous intraduodenal EAA perfusion for 5 h, the temporary addition of TC for 100 min at the midpoint caused reduction of pancreatic enzyme output; the output quickly rose to earlier levels and the gallbladder promptly contracted when TC was withdrawn. Bilirubin output after gallbladder contraction induced by EAA was higher (P < 0.05) than when TC and EAA were perfused together ( Fig. 1 vs. Fig. 3 ).
When perfused in the jejunum, EAA was more potent than EAA plus TC (P < 0.01), showing that the inhibitory action of TC occurred in the jejunum as well as in the duodenum. However, when EAA alone was perfused in the duodenum, but TC was perfused distally in the jejunum, no inhibitory action of TC was found (Fig. 4) . Furthermore, the inhibitory effect of TC on pancreatic enzyme secretion and gallbladder contraction evoked by MO and EAA was not evident when these functions were stimulated by the intravenous administration of CCK-PZ (Table I) .
Intraluminal bile acid concentrations related to pancreatic enzyme and bilirubin outputs (Table I) . During perfusions with EAA or ME, which stimulated pancreatic enzyme secretion and gallbladder contraction, steady-state total bile acid concentrations (±SEM) in the duodenum after gallbladder contraction was comEssential amino acid perfusion pleted (at 40 min) were 2.6±0.4 mM and 3.8±0.4 mM, respectively. These bile acid concentrations were higher (P < 0.02) than during control periods (1.3±0. (19) reported that in the dog, bile inhibits pancreatic secretion stimulated by an intraluminal infusion of peptone, whereas others have showvn that exclusion of bile fromii the rat duodenumii stimulates pancreatic secretion (20) . The perfusion flow rates used by us (10 ml/min) approach or exceed peak flow rzates in the upper small intestine in normal individuals after hypertonic test meals (21) . Endogenous bile acid concentrations in the lumen during EAA or ME perfusion therefore never exceeded 4 mMA; consequently, no spontaneous inhibition of paicreatic and biliarv secretion occurred. Inhibition occturred w-ith the addition of exogenous bile acid, resulting in luminal concenitrationis above 5 m1M, and increased w-hen concentratiolns rose above 9 mAM. With normal mean postprandial intestinal flow rates of approximately [2] [3] [4] [5] ml/miin (22. 23) , endogenous secretion of bile acids is sufficient to bring luminal concentrations to levels that can temporarily inhibit CCK-PZ release, since bile acid concentrations in the proximal small bowel after a test meal approach or exceed 9 mM after gallbladder colltraction (11, 21, 24, 25) .
From our findings, we postulate that CCK-PZ secretion in response to MO or amino acids during digestion may be inhibited by bile acids after contraction of the gallbladder. This previously neglected function of bile acids depends on their concentration in the small intestine. The mechanism appears to be localized in the small intestine and may regulate pancreatic enzyme secretion and permit filling of the gallbladder during meals.
